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Successful embryo implantation depends on a well-functioning endometrium as well as a normal healthy embryo. This process might be hampered if
either of these variables is defective. Repeated implantation failure (RIF) is diagnosed when good-quality embryos repeatedly fail to implant after transfer
in several IVF treatment cycles. The causes of RIF originate with either the mother or the embryo. The authors discuss factors that are associated with RIF
and address various treatment options. (Fertil SterilÒ 2012;97:1039–43. Ó2012 by American Society for Reproductive Medicine.)
Key Words: Repeated implantation failure, recurrent implantation failure, RIF, IVF, implantation

R

epeated implantation failure
(RIF) is determined when transferred embryos fail to implant
after several IVF treatment attempts.
However, there are no formal criteria
deﬁning the number of failed cycles
or the total number of embryos transferred in these IVF attempts. Accordingly, different centers practicing IVF
may use different deﬁnitions for RIF
(1). Considering the current success
rate of IVF treatment and the mean
number of embryos transferred in each
cycle, we recommend deﬁning RIF as
failure of implantation in at least three
consecutive IVF attempts, in which
one to two embryos of high-grade quality are transferred in each cycle.
Successful implantation is a complex process involving two main
players: the mother as a host and the
embryo. Problems originating from
the host environment, such as abnormal uterine anatomy, nonreceptive endometrium, and the medical condition
of the mother (such as thrombophilia
and abnormal immunologic response)
can adversely affect the cross-talk between the embryo and the endometrium that is so crucial for successful

implantation (2–5). Similarly, this
endometrial–embryo interaction may be
hampered if the embryo is disordered.
Embryo abnormality can originate from
either paternal sperm factors or from
the oocyte and its ability to be fertilized
normally and cleave. Accordingly, the
investigation and treatment of patients
with RIF should focus on both male
and female risk factors that, once
identiﬁed, should be managed and
treated appropriately (Fig. 1).

FEMALE FACTORS AND RIF
Anatomic Causes
After several consecutive IVF failures
and in agreement with the deﬁnition
of RIF, patients should undergo hysteroscopy to assess the uterine cavity.
Three-dimensional
ultrasonography
and hysterosalpingography are complementary tools to be performed as
needed. Once an abnormality associated with implantation failure is recognized, treatment options should be
considered, including uterine septectomy, removal of intrauterine adhesions, endometrial polypectomy or
myomectomy, particularly the submu-
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cous type, and excision of hydrosalpinx
(5–7).

Endometrium
A functioning and receptive endometrium is crucial for embryo implantation.
During the menstrual cycle, the endometrium undergoes both morphologic and
biologic changes, during which it becomes prepared for interaction with the
embryo, leading to successful implantation. Once all biological changes are adequate, the embryo can attach, invade
the endometrium, and ﬁnally implant.
Ultrasound examination of the thickness
and appearance of the endometrium is
an easily performed means of assessing
morphologic changes occurring in the
endometrium during the follicular
phase, and is thus used as a measure to
predict successful implantation. Indeed,
several studies have reported a strong
association between endometrial thickness and successful implantation (8, 9).
Noyes et al. (9) reported a signiﬁcantly
higher pregnancy rate of 48.6% in
patients with endometrial thickness of
>9 mm, as compared with 16% in
those with <9 mm. Nevertheless,
others failed to conﬁrm such an
association (10, 11). The minimal
adequate endometrial thickness for
successful implantation, as measured in
the late proliferative phase, varies
between studies, with a range of 6–8
mm. Thin, unresponsive endometrium
is hard to manage (12), and if all
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FIGURE 1
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available treatments (i.e., high dose of estrogen, the application
of vaginal estrogen pills, aspirin, and other medications that
may increase blood ﬂow to the endometrium) fail, then
surrogacy is a reasonable option (1).
Several investigators have suggested that patients with
RIF may beneﬁt from mechanical endometrial stimulation
performed in the cycle preceding the actual treatment cycle.
This local injury is induced by means of an endometrial
biopsy catheter and sampling (13, 14). It is postulated that
the biopsy induces an inﬂammatory response that may
facilitate the preparation of the endometrium for
implantation (15). The exact mechanism of such a positive
effect on implantation after endometrial sampling, as well
as the number and timing of endometrial stimulations in
the cycle preceding that of ET, needs to be determined.
To facilitate implantation, and on the basis of information elaborating the role of some mediators participating in
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this process, several investigators systemically administered
human leukemia inhibitory factor. However, such treatment
did not improve implantation or pregnancy outcomes (16).
Others administered granulocyte colony-stimulating factor,
either locally (17) or systemically (18), and found the treatment useful in improving IVF outcome in patients with unexplained RIF. Although encouraging, more information is
needed before suggesting this treatment modality on a routine
basis to patients with RIF.

Thrombophilia
In recurrent pregnancy loss, patients are advised to undergo
blood tests for thrombophilia, as well as for connective tissue
diseases that involve antiphospholipid antibodies. However,
thrombophilia and antiphospholipids may also be associated
with risk for RIF (19, 20). Once detected, a consultation with
VOL. 97 NO. 5 / MAY 2012
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a hematologist and connective tissue disease specialist is
advocated, and treatment with low molecular weight heparin
(LMWH) is recommended. When a thrombophilic trait is
detected, treatment with a prophylactic dose of LMWH is
sufﬁcient and seems to improve IVF outcome (21, 22).
However, when antiphospholipid antibody syndrome is
diagnosed, a concomitant treatment with a mini-dose of aspirin and/or corticosteroids should be considered. Once a hypercoagulability state is diagnosed, the appropriate treatment
protocol for ovarian stimulation should be implemented to
minimize the risk of ovarian hyperstimulation syndrome. Initiation of LMWH should be considered from the early stimulation period or from the day of ET. The approach should be
determined after consultation. A patient's family and personal
medical history, particularly her previous IVF experience, are
important for reaching a decision. Patients with no history
of thrombotic events, personally or among close relatives,
and who already experienced several uneventful IVF treatments, may be considered suitable to start LMWH on the
day of ET. Patients with antiphospholipid antibody syndrome,
or with a history of a disease that can be attributed to a hypercoagulability trait, should start anticoagulation concomitant
with gonadotropin administration. Treatment with LMWH
should be stopped 24 hours before egg retrieval and reinitiated
the day after ovum pick-up. Empirical treatment with LMWH,
aspirin, or corticosteroids was not found to be effective, and
is not advocated for women with RIF who were negative
for thrombophilic tests (23, 24).

EMBRYONIC FACTORS
Even embryos that are morphologically deﬁned to be of good
quality may cease to develop in utero and fail to progress to
the blastocyst stage, resulting in failure of implantation.
This may be due to either suboptimal local conditions or intrinsic factors within the embryos. Among the approaches
that have demonstrated effectiveness in overcoming these obstacles are zygote intrafallopian transfer (25, 26), blastocyst
transfer (27, 28), sequential embryo transfer (29, 30), and
embryo coculture (31, 32).
Hatching of the blastocyst through the zona pellucida is an
essential step preceding implantation. Assisted hatching was
suggested to increase implantation rates in patients who had
previously failed IVF cycles. After reviewing the literature,
the American Society for Reproductive Medicine Practice
Committee concluded that the currently available published
evidence does not support the routine or universal application
of assisted hatching in all IVF cycles (33). According to the
guidelines discussed by the committee, we use laser-assisted
hatching in patients with RIF, in those with poor embryo quality, and in women of an advanced age (>38 years).

Genetics
A couple diagnosed with RIF should have karyotype testing to
rule out structural anomalies of chromosomes. Although
structural disorders generally lead to habitual abortions,
they may also prohibit implantation (34). If a structural
anomaly is detected, then preimplantation genetic diagnosis
should be offered. Comparative genomic hybridization
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(CGH) testing should not be advocated for the couple, because
it cannot detect balanced translocations.
Similarly, the efﬁcacy of preimplantation genetic screening
of early cleaved embryos in couples with normal karyotypes
has not been substantiated and therefore, at present, this technique should not be applied for RIF patients (35). In the future,
when higher rates of blastocysts will be obtainable in culture
media and the new freezing method of vitriﬁcation will be routinely practiced, array CGH applied on a blastocyst-stage biopsy to detect minor differences in DNA content should be
considered for RIF, to better choose the embryo for transfer (35).

Sperm Contribution
Investigation of causes of RIF may include some forms of
advanced morphologic analysis of the sperm, because the contribution of the sperm cell to the production of normal and
healthy embryos is crucial. Testing sperm cells for DNA fragmentation and abnormal chromatin packaging is reasonable
if RIF seems to be associated with male factor. This test, however, should also be carried out in patients with apparently
normal sperm parameters. If advanced morphologic evaluation
of the sperm or other methods of assessing DNA integrity reveal
a high percentage of abnormal sperm cells, intracytoplasmic
morphologically selected sperm injection (IMSI) should be considered as a means of improving implantation (36, 37). In
a recent prospective randomized study, Balaban et al. (38)
reported higher implantation and clinical pregnancy rates for
patients who had IMSI as compared with those who had
intracytoplasmic sperm injection, 28.9% vs. 19.5% and 54.0%
vs. 44.4%, respectively. We routinely use the IMSI procedure
in severe cases of RIF, deﬁned as ﬁve or more IVF failures.

Immunologic Factor
If the results of all tests mentioned above are normal, consideration of a possible contribution of the couple's immunologic system to implantation failure is recommended. This
can ﬁrst be performed by checking for the presence of an immunologic reaction after a mutual cross-match between the
serum and lymphocytes of the couple. If no reaction results,
then the maternal immune system is apparently nonresponsive to paternal antigen components. This may be due to
the couple's similarity in human leukocyte antigen (HLA)
components. In such case, a similarity of alleles in class I
and class II HLA compatibility should be tested. Human leukocyte antigen similarity is reported to be associated mainly
with recurrent abortions. However, in the extreme situation,
it may interfere with implantation, because dissimilarity of
HLA is also crucial at the very beginning of the implantation
process, during which the immune system plays an important
role. If such a similarity is found, high-dose IV immunoglobulin should be offered before ET, as suggested by us (39),
followed by an additional dose as soon as a heartbeat is visualized, at approximately 6 weeks' gestation.

FUTURE CONSIDERATIONS
Better selection of the embryo for transfer is expected once
new methods of time-lapse imaging (40) and ‘‘omics’’
1041

VIEWS AND REVIEWS
technology (41, 42) are applied. These methods can accurately
assess embryo morphology and its metabolic activity. In the
future, within the implementation of these modalities,
implantation rates for IVF patients, including those with
RIF, are expected to increase. ‘‘Omic’’ technologies may also
improve our understanding of the processes involved in the
endometrium during implantation (43, 44). This will
promote better recognition of the ‘‘window of implantation’’
and may suggest options as to how manipulate this crucial
period, to facilitate the cross-talk between the embryo and
its platform, resulting in improved implantation rates.
Better culture conditions and increased success rates of
embryo freezing by vitriﬁcation, as well as innovative
methods in molecular genetic biology such as array CGH,
will help achieve the goal of obtaining normal, healthy embryos, capable of implanting after transfer.
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